Introduction
Estuaries are among the most productive ecosystems on the earth, comparable to areas of coastal upwelling (Haedrich and Hall 1976) . They function as nursery grounds for estuarine-dependent marine fish populations during their early life stages because it provides food resources, shelter, absence of turbulence, and a reduced risk of predation (Wallace and van der Elst 1975; Blaber and Blaber 1980; Day et al. 1981; Lenanton 1982; Robertson and Duke 1987; Blaber and Milton 1990) . The species composition and abundance of fish larvae and juveniles in the estuary are influenced by physico-chemical and biological factors and are important indicators for predicting forthcoming fishing stocks (Haines 1979; Blaber et al. 1985; Stephens et al. 1986 Stephens et al. , 1988 Tzeng and Wang 1993; Wang and Tzeng 1997) .
Studies of the larval and juvenile fish communities in the estuaries of Taiwan have been limited to specific areas where environmental protection has been a concern, e.g. the sewage-polluted Tanshui River estuary (Tzeng and Wang 1992 , 1993 and Yenliao Bay near a nuclear power plant under construction (Tzeng et al. 1985 Tzeng and Wang 1986 ). Thus, large-scale spatio-temporal variations of larval fish communities among estuaries in Taiwan are not clear. This study investigated the larval fish community structure in estuaries on the west coast of Taiwan with a view to understanding the effect of coastal currents on the dispersal of fish larvae and juveniles.
Materials and methods

Study area and sampling design
The coastal waters of western Taiwan comprise the Taiwan Strait, which has a wide and shallow continental shelf, suitable as a spawning and nursery area for coastal fishes. In contrast, the continental shelf on the eastern coast is narrow and strongly influenced by the oceanic Kuroshio Current (Fig. 1) . The coastal currents on the western coast that transport larvae to estuaries change direction with the seasonal monsoon (Chu 1963) . In winter, the China Coastal Current, induced by the northeastern monsoon, flows from the coast of mainland China to the northeast and north-west coasts of Taiwan. In summer, this current is replaced by the south-western monsoon-driven coastal current, which flows from the South China Sea along the western coast of Taiwan.
A net was set against the tidal current in four estuaries, Shuangchi Creek (SC), Gongshytyan Creek (GST), Tatu Creek (TT) and Tongkang River (TK) (Fig. 1) , to collect fish larvae and juveniles during the nighttime flood tide around the new-and full-moon periods from September 1997 to December 1998. The mesh size of the net ranged from 0.8 to 1.8 mm, similar to the commercial fishing gear used for collecting fish fry for restocking in Taiwan. The fish were preserved in 95% alcohol after collection and identified to species level when possible (Leis and Rennis 1983; Ozawa 1986; Wang 1987; Okiyama 1988; Leis and Trnski 1989) . Surface water temperature and salinity were measured to 0.1°C and 0.1 psu by use of a microprocessor conductivity meter during sampling.
Data analysis
The abundance of fish larvae and juveniles was estimated roughly by the number of fish per hour (CPUE). The cumulative abundance of dominant species among the four estuaries was compared by K-dominance curves. When two different K-dominance curves do not overlap, the upper curve represents the community most dominated by a few species and thus that which is less diverse (Lambshead et al. 1983; Clarke and Warwick 1994) . The species diversity of each larval fish community was calculated by use of the Shannon-Wiener index of species diversity (H′) (Pielou 1966 ) and Simpson's index of species concentration (Σp i 2 ) (Peet 1974) . The Shannon-Wiener index emphasizes the contribution of rare species, whereas Simpson's index gives greater weight to dominant species. The similarity of species compositions of fish larvae and juveniles in the four estuaries among sampling dates was analysed by clustering (Bray-Curtis similarity index; unweighted pair-group using arithmetic average) and ordination (multiple dimensional scaling, MDS). Indicator species for each of the seasonal and geographic groups and the species that discriminated groups were examined by the similarity percentage routine (SIMPER; Clarke and Warwick 1994) . The data used for clustering and ordination were log (n+1) transformed and selected to span one year from December 1997 through November 1998 because the period investigated differed among estuaries. All computation of diversity indices and cluster and ordination analyses used the software 'PRIMER 5' (Clarke and Warwick 1994) . Relationships between abiotic and biotic factors of the four estuaries were analysed by Kendall rank correlations (Siegel 1956 ).
Results
Water temperature and salinity
Trends in water temperature were similar among the GST, SC and TT estuaries, but there was much less seasonal variation in the TK estuary where winter water temperatures did not decline to the same degree as those in the other systems. The water temperatures in the four estuaries ranged from 14.0 to 33.0°C. Annual mean (± s.d.) water temperatures increased from 23.2±3.9°C in SC in the north to 29.1±2.5°C in TK in the south (Fig. 2a) . Salinities in the four estuaries varied from 0.3 to 36.5 psu; the annual mean (± s.d.) salinity ranged from 17.5±10.3 in TT to 29.6±7.2 in TK (Fig. 2b) . A geographic cline in mean salinity was not obvious among estuaries; however, the maximum value of the range was higher in both SC and TK than in either GST or TT, because SC and TK were influenced to a greater degree by the highly saline Kuroshio Current than were GST and TT ( Fig. 1 ).
Seasonal changes in number of species, abundance and indices of community structure
In total, 30, 33, 26 and 26 samples were collected from the SC, GST, TT and TK estuaries, respectively: 28 families and 56 species from SC, 49 families and 94 species from GST, 44 families and 73 species from TT and 46 families and 77 species from TK. The dominant species differed among estuaries. Mugilidae were the most abundant in SC, Terapon jarbua in GST, Stolephorus insularis in TT and Ambassis urotaenia in TK (Appendix 1).
The number of species increased from spring to autumn (April to September) in GST estuary, but no seasonal trend was apparent in the other three (Fig. 2c) . Marked seasonal variation in abundance (CPUE) was noted in all four estuaries. Two periods of peak abundance occurred in the northern estuaries (SC and GST), one in the spring (March-June) and the other in the autumn (September), but the autumn peak did not occur in the southern estuaries (TT and TK). The peak abundance in spring occurred earlier in the south than in the north (Fig. 2d ). Species diversity (H′, 0.2-2.7) and concentration indices (Σp i 2 , 0.1-1.0) of the larval fish community greatly fluctuated with season and were inversely correlated (Figs 2e, 2f) . This indicates that the larval fish community became uneven when dominant species occurred. Fish abundance was significantly positively correlated to the number of species except in SC, and was positively correlated with Σp i 2 only in TK (Table 1 ). The effect of temperature and salinity on the number of species, abundance and community indices differed among estuaries (Table 1 ). In SC, there was no significant correlation of the four biotic factors with temperature or salinity. However in GST, number of species, abundance and species diversity (H′) were positively correlated with temperature (P <0.05), but not with salinity. In TT, the species diversity (H′) and concentration indices (Σp i 2 ) were correlated with salinity (positively and negatively, respectively; P <0.05). In TK, only abundance was positively correlated with temperature (P <0.05). This may be due to different geomorphology and hydrodynamics among estuaries.
Spatio-temporal similarity of species composition
Cluster and ordination analyses indicated that the species composition of all estuaries except SC comprised two seasonal groups at a similarity level of ~20% (Figs 3a-d ). These two seasonal groups were a spring-autumn group (April-November) and a winter group (December-March). When the species data from the four estuaries were pooled together and analysed, the winter groups of both GST and TT clustered with SC into a northern group, while the summer groups of both GST and TT were more similar to TK samples and formed a southern group at a similarity level of ~10-15% (Fig. 3e ). This indicates that the summer larval fish communities of GST and TT, as well as that of TK throughout the year, may originate from southern Taiwan, whereas the winter fish communities of GST and TT, together with that of SC, derive from northern Taiwan. K-dominance curves showed higher cumulative percentage abundance in winter than in spring-autumn for both GST and TT estuaries, indicating that the communities of winter groups were less diverse than spring-autumn groups and were characterized by few dominant species (Fig. 4a) . Similarly, the northern group was characterized by fewer dominant species (Fig. 4b) . fish community of the SC estuary and the winter assemblages of the GST and TT estuaries were dominated by few species. The average percentage contribution of only five species in these groups ranged from 81.3% to 94.0%. Mugilidae spp. and Mugil cephalus were the most important, contributing 33.4-36.8% of total average similarity (Table 2 ). In contrast, the communities of the TK estuary together with the spring-autumn groups of GST and TT were more diverse and the average similarity contributed by the five most important species ranged from 38.3% to 70.1% (Table 2) .
Similarity percentage of species contribution to clustering
Similarly, the larval fish community was more diverse in the southern than in the northern groups (Table 3 ). The average similarity of the top 10 species in the northern group was 89.7%. Mugilidae spp., Mugil cephalus and Sicyopterus japonicus were the most important taxa contributing to this group similarity (67.2%). In the southern group ten species made relatively even contributions to account for only 63.1% of the group similarity. Species accounting for the dissimilarity between these two groups are also listed in Table 3 and comprised many minor species because the sum of the average dissimilarity for the top 10 species was only 37.8% (Table 3) .
Discussion
An estuary is a semi-enclosed system influenced by both fresh water and seawater, and freshwater, estuarine and marine fishes might be expected in such a system (Blaber and Blaber 1980; Day et al. 1981) . However, most larval fishes collected in this study were estuarine-dependent marine fishes (e.g. Mugilidae spp., Mugil cephalus and Terapon jarbua) and estuarine fishes (e.g. Gobiidae spp. and Ambassis spp.). Few freshwater fishes (e.g. Cyprinidae) were caught (Tables 2 and 3 ; Appendix 1). This is because we collected fishes on flood tides that transported the marine fishes to the estuaries. The dispersal of larval fishes from marine spawning grounds to the estuaries is influenced by coastal currents (Boehlert and Mundy 1988) . The coastal currents on the west coast of Taiwan change direction with season (Chu 1963) . Thus the recruitment of larval fishes to the estuary will be influenced in spatial and temporal terms by these coastal currents.
Larval fish communities in three of the four estuaries were classified into winter and spring-autumn seasonal groups, which reflected the change of seasonally monsoondriven coastal currents on the western coast of Taiwan (Chu 1963) . In winter, the north-eastern monsoon-driven, lowsalinity, cold China Coastal Current flows southward and is impeded by the warm Kuroshio Current in the middle of the Taiwan Strait. In summer, the south-western monsoondriven, high salinity, warm South China Sea surface current flows through the Taiwan Strait (Jan 1995; Shao et al. 1997) . Most of the larvae in the four estuaries were estuarinedependent marine fishes (Wallace and van der Elst 1975; Blaber and Blaber 1980) . In general, larvae of these fishes passively migrate with the coastal currents from spawning grounds to estuaries (Boehlert and Mundy 1988) . Thus, the monsoon-driven coastal current on the west coast of Taiwan may play an important role in the seasonal onshore movement of fish larvae and juveniles.
The fish communities of the SC estuary and the winter assemblages of both the GST and TT estuaries clustered together into a similar group, which was distinct from that of the TK estuary and the summer assemblages of the GST and TT estuaries. This suggests that the winter larval fish community transported from the north by the NE monsoondriven China Coastal Current is distributed only as far as the middle part of the Taiwan Strait. In contrast, the summer larval fish community transported by the SW monsoon current from the south reaches the northern part of the Taiwan Strait. Shao et al. (1997) noted that the fish fauna differed with latitude on the west coast of Taiwan under the influence of the seasonal monsoons, and that the boundary separating northern and southern fish faunas may be located approximately at Penghu Island in the middle of Taiwan Strait. Kuo et al. (1999) found that mangrove fish assemblages on the west coast could be classified into northern and southern groups, which probably arise as a result of the oceanic currents around Taiwan. This study indicated that the spatial distribution of the larval fish community on the west coast of Taiwan changed seasonally. In the summer, the SW monsoon current transported fish larvae through the Taiwan Strait. In winter, the dispersal of larvae transported by the NE monsoon current was impeded in the middle of the Taiwan Strait by the Kuroshio Current. The communities of the four estuaries exhibited high spatial and temporal variations in species diversity. Fish communities of spring-autumn groups originating in the south were more diverse than were the winter groups from the north. Pianka (1966 Pianka ( , 1967 proposed that species diversity was influenced by eight principal factors, i.e. evolutionary time, ecological time, climatic stability, spatial heterogeneity, productivity, stability of primary production, competition and predation. Estuaries are highly variable and unstable environments (Whitfield 1990) , and fish communities living in such habitats theoretically should reach an equilibrium state and contain fewer species when interspecific competition is prevalent (Sanders 1968; de Morais and de Morais 1994; Harris and Cyrus 2000) . The salinities of the four estuaries fluctuated greatly, with a range of 0.3-36.5 psu. Highly variable salinities may influence species diversity and led to dominance of estuarine larval fish communities by a few species. In addition, the water mass of the coastal current from the north was more productive than that from the south. This may lead to the fish communities originating from the northern group being less diverse and dominated by fewer species than fish communities originating from the south. Furthermore, the differences in species composition among the four estuaries were not only due to the influence of these two current systems on the recruitment of larval marine fishes. Spatial heterogeneity within the estuaries that provided a diversity of habitat for the estuarine fish species probably also played a role. 
